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OBJECTIVES The purpose of this research was to develop a risk index for in-hospital mortality for coronary
artery bypass graft (CABG) surgery.
BACKGROUND Risk indexes for CABG surgery are used to assess patients’ operative risk as well as to profile
hospitals and surgeons. None has been developed using data from a population-based region
in the U.S. for many years.
METHODS Data from New York’s Cardiac Surgery Reporting System in 2002 were used to develop a
statistical model that predicts mortality and to create a risk index based on a relatively small
number of patient risk factors. The fit of the index was tested by applying it to another year
(2003) of New York data and testing the correspondence of expected and observed mortality
rates for each risk score in the index.
RESULTS The risk index contains a total of 10 risk factors (age, female gender, hemodynamic state, ejection
fraction, pre-procedural myocardial infarction, chronic obstructive pulmonary disease, calcified
ascending aorta, peripheral arterial disease, renal failure, and previous open heart operations). The
score possible for each variable ranges from 0 to 5, and total risk scores possible range from 0 to
34. The highest score observed for any patient was 22, and 93% of the patients had scores of 8 or
lower. When the risk index was applied to another year of New York data with a considerably
lower mortality rate, the C-statistic was 0.782.
CONCLUSIONS The risk index appears to be a valuable tool for predicting patient risk when applied to another
year of New York data. It should now be tested against other risk indexes in a variety of
geographical regions. (J Am Coll Cardiol 2006;47:661–8) © 2006 by the American College
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.10.057of Cardiology Foundation
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sumerous studies have been conducted to develop “risk
cores” or identify risk factors for patients undergoing
oronary artery bypass graft (CABG) or cardiac surgery in
eneral (1–11). There are many reasons why risk scores are
f interest. First, a patient’s predicted risk is of interest to
urgeons because this is one of the factors used in deter-
See page 669
ining whether CABG surgery is the appropriate interven-
ion, and because surgeons need to know which patients
hould be carefully managed and monitored as a function of
heir predicted chances of adverse outcomes. Second, the
atient has a right to know what risk he/she will be taking in
onsenting to undergo surgery, and for some patients this risk
ay not be acceptable depending on factors such as the
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005, accepted October 18, 2005.atient’s age and degree of aversion to risk. Third, risk scores
re of interest to hospitals, surgeons, and quality assurance/
uality assessment experts in that they provide for a compari-
on of outcomes among providers (hospitals, surgeons) after
djusting for risk and provide an opportunity to assess changes
n risk-adjusted outcomes for a single provider across time.
Despite the fact that several risk scores have been pro-
osed, the most frequently referenced one (EuroSCORE) is
ased on European data that may not be reflective of
atients and outcomes in the U.S. This is particularly true
iven the fact that the number of CABG procedures per
apita is much higher in the U.S. than in Europe or
nywhere else. Also, the most commonly referenced risk
ndexes from the U.S., by Higgins et al. (1) and Parsonnet
t al. (10), are based on data that are very old and pre-date
any advances in state-of-the-art of cardiac surgery.
The purpose of this study is to develop a risk stratification
ystem based on a well-established large population-based
ardiac surgery registry that has been in operation for more
han 15 years. This system, the New York State Cardiac
urgery Reporting System (CSRS), contains outcomes and
umerous risk factors for all patients undergoing cardiac
urgery in non-federal hospitals. The system has been used
or many reports and manuscripts that compare outcomes
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Risk Stratification for CABG Surgery February 7, 2006:661–8mong hospitals and surgeons, track outcomes over time,
nd compare long-term outcomes for different technologies
nd types of procedures.
ETHODS
ata. The data used for the study were taken from New
ork’s CSRS, which was created in late 1988 for the
urpose of improving the quality of cardiac care in the state
s well as to inform hospitals, surgeons, and the public of
atient outcomes and risk factors. Data in the system
nclude patient demographics (age, gender, race, and so on),
umerous patient risk factors and comorbidities that have
een demonstrated to be related to short-term and long-
erm outcomes, patient disposition, complications of care,
nd hospital and surgeon identifiers. The dependent vari-
ble (outcome of interest) was in-hospital mortality, argu-
bly the most important outcome measure and the one used
y most of the earlier risk stratification systems. It is
mportant to note that these data are audited annually for
ompleteness of cases and determination of discharge dis-
osition by comparing them to New York’s administrative
cute care database. Also, the accuracy of risk factors in the
ystem is checked by using New York’s utilization review
gent to audit samples of cases from selected hospitals
ach year.
Patients used to develop the risk score were all 16,120
atients who underwent isolated CABG surgery (no other
ajor cardiac procedures, such as valve surgery) in New
ork in 2002. The risk score was validated using 2003
solated CABG surgery data from New York. This study is
imited to patients who underwent CABG surgery rather
han including other cardiac surgery patients because we
ave found in earlier studies and reports that the relative
mpact of various patient risk factors is not proportional in
ABG and non-CABG cardiac surgery (12).
nalysis plan. A total of more than 40 patient risk factors
ere available in the CSRS for predicting in-hospital
ortality. First, the bivariate relationship between each of
hese independent variables and mortality was examined
sing chi-square tests after subdividing the two continuous
isk factors (age and ejection fraction [EF]) into categories
ased on similar mortality rates within categories and
Abbreviations and Acronyms
CABG  coronary artery bypass graft
CI  confidence interval
CSRS  Cardiac Surgery Reporting System
EF  ejection fraction
EuroSCORE  risk score based on European data
MI  myocardial infarction
OMR  observed mortality rate
OR  odds ratio
PCI  percutaneous coronary intervention
PMR  predicted mortality rateissimilar mortality rates between categories. All risk factors Fith p values 0.05 were then considered in a stepwise
ogistic regression model with in-hospital mortality as the
inary dependent variable (a backward elimination approach
ielded the same set of variables). The model was cross-
alidated by splitting the data into two patient subgroups
ith nearly identical mortality rates and prevalences for
mportant risk factors, fitting a stepwise model to one-
alf to identify significant variables, and then using those
ariables with p  0.10 in a stepwise model on the second
alf of the data. The remaining significant variables (with
 0.05) were then used on the entire data set. This
rocess identified the set of all patient risk factors that
ere independent predictors of mortality along with their
ogistic regression coefficients and their odds ratios (OR)
ith 95% confidence intervals (CI) and p values
12).
The fit of the logistic regression model was measured in
erms of its discrimination and calibration. Discrimination,
hich is measured using the C-statistic (area under the
eceiver-operating characteristic curve), captures the model’s
bility to distinguish between patients who die in the
ospital and patients who are discharged alive. It is defined
s the proportion of the time that a patient who survives is
ssigned a higher probability of survival than a patient who
ies in the hospital. A value of 1.0 is perfect, and a value of
.5 denotes only random ability to distinguish between
eaths and survivors (13).
Calibration, which is a measure of the model’s ability to
redict survival for various levels of patient risk, is the other
easure of model fit that was investigated. Calibration was
ssessed using the Hosmer-Lemeshow statistic (14), which
s a variation of the chi-square statistic. Observed and
redicted outcomes are compared for 10 equally populated
evels of patient risk (defined by the predicted probabilities
f survival obtained from the logistic regression model). It
hould be noted that there are problems related to the
rbitrary manner in which patients are subdivided into
roups, and that different conventions can lead to different
onclusions regarding calibration adequacy.
All but 1 of the 10 total risk factors included in the
ogistic regression model were either binary or categorical
ith more than one category. Age was the single continuous
ariable. The process of converting the user-unfriendly
ogistic regression output into a risk index follows the
rocedure developed and described by Sullivan et al. (15).
he process first consisted of splitting age into four groups
60 and under, 61 to 69, 71 to 79, and 80) based on the
onstant risk under age 60 years and the linearity of the
pline function after age 60 years. The youngest group was
et as the base category, and each other age group was
epresented by its mid-point, or reference value, with the
ast group represented by the mid-point of 80 and the 99th
ercentile. All other variables except EF and previous
yocardial infarction (MI) were binary, and their base
ategories were chosen as the absence of the characteristic.
or EF, spline functions confirmed that the risk of mortality
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February 7, 2006:661–8 Risk Stratification for CABG Surgeryas essentially constant for patients with EFs above 40%,
nd linear for patients with EFs below 40%. This led to the
hoice of three categories, with a base category of 40% and
ver. The base category for previous MI was chosen to be
no previous MI, or MI more than 20 days prior to surgery,”
hich was the reference category in the logistic regression
odel. Definitions of the risk factors in the model are listed
n the Appendix.
The constant corresponding to one point in the risk score
as obtained by multiplying one-half the length of each age
ange (five years) by the age coefficient (5  0.0741 
.3705). For all other risk factors, each of which was
epresented by one or more categories in the logistic
egression model, the coefficient of the categorical variable
as divided by 0.3705 and then rounded off to the nearest
nteger. For example, the risk factor “previous open heart
perations” has a coefficient of 1.1671, and 1.1671/
.3705  3.15, which rounds to 3. The total risk score for
patient is then the sum of the risk scores for each of the
isk factors the patient has. Total possible risk scores
anged from 0 to 34.
A predicted mortality rate (PMR) for each risk score was
btained by using the risk score in a logistic regression
ormula for predicted value of death using methods de-
cribed by Sullivan et al. (15). These resulting PMRs for
ach risk score are what can be used to inform surgeons and
atients about each patient’s surgical risk.
The accuracy of the risk index was evaluated by compar-
ng predicted mortality values for each risk score with
bserved values from New York State in the following year
2003). The fit of the model used to develop the risk score
Table 1. Logistic Regression Equation for Cor
in New York State in 2002 (N  16,120)*
Risk Factor Preva
Age: number of yrs 60 —
Female gender 28
Hemodynamic state
Hemodynamically stable (reference) 98
Unstable 0
Shock 0
Ejection fraction
20% 1
20%–29% 6
30%–39% 13
40% (reference) 77
Pre-procedural MI
No MI within 20 days prior to procedure
(reference)
76
MI 6 h 0
MI 6–23 h 0
MI 1–20 days 22
Chronic obstructive pulmonary diseases 16
Extensively calcified ascending aorta 4
Peripheral arterial disease 11
Renal failure requiring dialysis 1
Previous open heart operations 4*Intercept  5.8183.
CI  confidence interval; MI  myocardial infarction.as also assessed using 2003 New York data by calculating
he C-statistic and the Hosmer-Lemeshow statistic. Be-
ause the mortality rate in 2003 was considerably lower than
n 2002 (1.61% vs. 2.27%), and the predicted rate for 2003
ased on the 2002 model was significantly higher than the
003 observed rate, the 2002 model was then recalibrated,
nd the fit of the risk index on 2003 data was then
eassessed. The recalibration process consists of calculating
new 2003 mortality rate for each risk score by multiplying
he old 2002 rate by the ratio of the overall observed
ortality rate (OMR) in 2003 divided by the overall rate
redicted by the 2002 model when it is applied to 2003
ata.
MRi, 2003 MRi, 2002 OMR2003 ⁄ EMR2003
here (MR)i, 2003  the mortality rate in 2003 associated
ith risk score i; (MR)i, 2002  the mortality rate in 2002
ssociated with risk score i; (OMR)2003  the overall OMR
n 2003; (EMR)2003 the overall expected mortality rate in
003 based on the 2002 model.
final set of analyses was aimed at investigating the corre-
pondence between the CABG mortality risk index and two
ther adverse outcomemeasures—complications and length of
tay. Complications were defined as one or more of the
omplications available in CSRS, which included stroke, trans-
ural MI, deep sternal wound infection, bleeding requiring
eoperation, sepsis/endocarditis, gastrointestinal bleeding/
erforation/infarction, renal failure, respiratory failure, and
nplanned cardiac operation/interventional procedure.
y Artery Bypass Grafting In-Hospital Deaths
Coefficient Odds Ratio (95% CI) p Value
0.0741 1.08 (1.06–1.09) 0.0001
0.7405 2.10 (1.68–2.62) 0.0001
— 1.00 —
0.7669 2.15 (1.17–3.96) 0.0135
1.7672 5.85 (3.05–11.24) 0.0001
1.5534 4.73 (2.99–7.48) 0.0001
1.0189 2.77 (2.01–3.81) 0.0001
0.5774 1.78 (1.34–2.37) 0.0001
— 1.00 —
— 1.00 —
1.9768 7.22 (3.81–13.67) 0.0001
1.3786 3.97 (2.05–7.70) 0.0001
0.4979 1.65 (1.29–2.09) 0.0001
0.4748 1.61 (1.26–2.05) 0.0001
0.7360 2.09 (1.50–2.90) 0.0001
0.5614 1.75 (1.35–2.28) 0.0001
1.7190 5.58 (3.62–8.61) 0.0001
1.1671 3.21 (2.29–4.51) 0.0001onar
lence
.67
.57
.95
.48
.93
.87
.29
.91
.04
.69
.94
.33
.50
.84
.22
.63
.93
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Risk Stratification for CABG Surgery February 7, 2006:661–8All statistical analyses except the hierarchical logistic
egression analyses were conducted in SAS version 9.1 (SAS
nstitute, Cary, North Carolina).
ESULTS
here were a total of 16,120 patients in the study, and their
verall in-hospital mortality rate was 2.27%. Table 1 con-
ains the significant independent risk factors for in-hospital
ortality along with their logistic regression coefficients,
R with 95% CI, and p values. As indicated, there are 10
ignificant risk factors, with one (age) a continuous risk
actor and the others consisting of discrete categories. For
xample, previous MI has three categories in addition to the
able 2. Risk Scores for In-Hospital Mortality for Coronary
rtery Bypass Grafting*
Risk Factor Score
ge (yrs)
61 0
61–69 1
70–79 3
80 and older 5
emale gender 2
emodynamic state
Unstable 2
Shock 5
jection fraction
20% 4
20%–29% 3
30%–39% 2
re-procedural MI
MI 6 h 5
MI 6–23 h 4
MI 1–20 days 1
hronic obstructive pulmonary diseases 1
xtensively calcified ascending aorta 2
eripheral arterial disease 2
enal failure requiring dialysis 5
revious open heart operations 3
Range of total score, 0–34.
Abbreviations as in Table 1.
Table 3. Predicted Risk of In-Hospital Mortal
and the Distribution of Total Risk Score Amo
in New York State in 2002 (N  16,120)
Total Risk
Score
Predicted
Risk
(%)
Cumulative Percentage
of Patients With This
Risk Score or Less (%)
0 0.30 12.00
1 0.43 25.88
2 0.62 34.69
3 0.90 52.03
4 1.29 60.31
5 1.86 73.78
6 2.67 81.44
7 3.82 88.18
8 5.45 92.78
9 7.70 95.66
10 10.78 97.57
11 14.90 98.51*The highest observed total risk score was 22, and there were no peference category (6 h, 6 to 23 h, 1 to 20 days). The risk
actors with the highest ORs were previous MI 6 h (OR
7.22, 95% CI 3.81 to 13.67), shock (OR  5.85, 95% CI
.05 to 11.24), and renal failure requiring dialysis (OR 
.58, 95% CI 3.62 to 8.61). The logistic regression model
ad a very good C-statistic (0.823) and an acceptable
osmer-Lemeshow statistic (p  0.47).
Table 2 presents the score associated with each of the risk
actors in the logistic regression model in Table 1. The
on-zero individual risk factor scores range from 1 for
atients aged 61 to 69 years old to 5 for patients who are at
east 80 years old, are in shock, have had a previous MI 6
before surgery, or have renal failure requiring dialysis.
atients with none of the conditions mentioned in Table 2
ave a total score of 0. The highest score observed in our
atabase was 22.
Table 3 contains the predicted probabilities of death for
ach risk score and the cumulative percentage of patients
ith each score or a lower score. The probabilities of
ortality range from 0.30% for patients with a score of 0 to
90% for scores of 22 and higher. The mean mortality rate
or all patients used to develop the risk score was 2.27%. A
otal of 74% of the patients in Table 3 had a risk score with
PMR lower than the mean, and these patients had risk
cores of 5 or less. Slightly more than 50% of the patients
ad risk scores of 3 or less, and less than 1% of the patients
ad risk scores of 12 or higher. Therefore, data are com-
ined for risk scores of 12 or higher.
Figure 1 demonstrates the correspondence between ob-
erved and predicted rates for each risk score where observed
nd predicted rates were obtained from 2002 data. As the
gure demonstrates, the observed and predicted values are
uite close together, particularly for the lower risk scores.
or every risk score except the 12 group, the predicted
isk mortality is within the 95% CI for the observed
ortality.
Figure 2 contrasts the observed rates for each risk score in
he year 2003 with the predicted values based on the 2002
ssociated With Individual Risk Scores
oronary Artery Bypass Grafting Patients
otal Risk
Score
Predicted
Risk
(%)
Cumulative Percentage
of Patients With This
Risk Score or Less (%)
12 20.22 99.12
13 26.86 99.46
14 34.72 99.70
15 43.52 99.84
16 52.74 99.92
17 61.78 99.94
18 70.07 99.97
19 77.23 99.99
20 83.09 99.99*
21 87.68 99.99*
22 90 100.00ity A
ng C
Tatients who had total risk scores of 20 or 21 in 2002 data.
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February 7, 2006:661–8 Risk Stratification for CABG Surgeryisk model after recalibrating the 2002 risk score probabil-
ties to reflect the differences in performance between 2002
nd 2003. The predicted values and observed values again
emonstrate a reasonably good correspondence.
Figures 3 and 4 demonstrate that there are very strong
orrespondences between higher CABG risk scores and the
revalence of higher complication rates and longer lengths
f stay. Complication rates rose monotonically from a low of
.3% for a risk score of 0 to a high of 35.2% for a risk score
f 12 or higher. Mean length of stay rose monotonically
rom a low of 5.3 days for a risk score of 0 to 14.0 days for
risk score of 12 or higher.
ISCUSSION
he purpose of this study was to develop a risk index for
ABG surgery based on New York State CABG surgery
igure 1. Observed (with 95% confidence interval) and predicted risk of i
n New York State, 2002 (n  16,120).igure 2. Observed (with 95% confidence interval) and rescaled predicted risk o
atients in New York State, 2003 (n  14,692).ata from 2002. The database used in this study has the
dvantage of being a large database that includes all New
ork patients who underwent CABG surgery in non-
ederal hospitals. Also, the accuracy of the database is
aintained through auditing of medical records, and the
ompleteness is assured through reconciliation with New
ork’s acute care hospital database. Although EuroSCORE
s a well-established risk index based on European data,
here are many differences between countries, and particu-
arly continents, in utilization rates and types of patients
ndergoing CABG surgery. Consequently, it is of interest
o develop a risk index based on U.S. data and at least
ompare it to EuroSCORE in other settings in the U.S.
lthough Higgins et al. (1) and Parsonnet et al. (10) have
eveloped risk indexes based on U.S. data, both of these
tudies are more than 10 years old, and CABG surgery
pital mortality by total risk score for coronary artery bypass graft patientsf in-hospital mortality by total risk score for coronary artery bypass graft
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Risk Stratification for CABG Surgery February 7, 2006:661–8atients and outcomes have changed considerably in the
nterim.
Results of our study show that the risk index based on
ew York 2002 data contains a total of 10 risk factors and
ossible scores for each factor that range from 0 to 5 with a
ossible total risk score for an individual patient ranging
rom 0 to 34. However, in New York in 2002, the highest
bserved score for any patient was 22. A total of 93% of the
atients had scores of 8 or lower. When the statistical model
sed to create the risk index was applied to another year of
ew York data with a considerably lower mortality rate,
he discrimination of the model was very high (C 
.782). However, because the crude mortality had
ropped substantially and the mean patient risk was
ssentially the same, there was a need to recalibrate the
odel so that the overall population-predicted mortality
as identical to the observed mortality. After recalibra-
ion, there were no statistically significant differences
etween any of the observed and expected mortality
igure 3. Complication rate by total risk score for coronary artery bypas
r more of stroke, transmural myocardial infarction, deep sternal woun
inal bleeding/perforation/infarction, renal failure, respiratory failure, aFigure 4. Length of stay by total risk score for coronary artery byeciles. Thus, the risk index works well when applied to
ther time frames in New York.
The risk factors in the New York CABG surgery risk
core are very similar to the ones used in a percutaneous
oronary intervention (PCI) risk score based on New York
ata (16). Seven of the 10 variables (age, female gender,
emodynamic state, EF, pre-procedural MI, peripheral
rterial disease, and renal failure) in the CABG risk score
re contained in both scores. The CABG risk score also
ncludes chronic obstructive pulmonary disease, extensively
alcified ascending aorta, and previous open heart opera-
ions, and the PCI risk score also includes congestive heart
ailure and left main disease.
The two most important uses for predictions of treatment
isks derived from large prospective, well-defined patient
opulations undergoing a specific therapy are to inform
atient providers about the relative short- and long-term
isks and benefits of alternative treatment strategies and to
etrospectively assess quality of care by benchmarking out-
t patients in New York State, 2003 (n  14,692). Complication  one
ction, bleeding requiring reoperation, sepsis/endocarditis, gastrointes-
planned cardiac operation/interventional procedure.s grafpass graft patients in New York State, 2003 (n  14,692).
c
f
n
p
C
p
r
m
n
a
e
p
f
p
7
s
s
c
r
t
a
u
i
t
a
d
f
t
f
p
O
t
a
o
t
p
u
c
o
t
r
u
t
c
r
(
w
i
r
t
c
r
u
w
p
H
d
a
b
h
d
t
f
i
w
s
f
t
o
o
i
d
A
T
C
(
a
s
L
e
o
R
D
N
R
667JACC Vol. 47, No. 3, 2006 Hannan et al.
February 7, 2006:661–8 Risk Stratification for CABG Surgeryome among different populations after correction for dif-
erence in baseline characteristics reflecting severity of ill-
ess. Statistical models (usually logistic regression models)
reviously used to predict an individual’s chance of surviving
ABG surgery use a computer or calculator to estimate
robabilities and consequently are not used frequently. The
isk index reported facilitates quick estimation of CABG
ortality obtained by adding numbers describing the prog-
ostic weight of 10 variables and consulting a table that
ssigns a predicted mortality to each risk score value. For
xample, a 75-year-old woman with an EF of 35%, no
revious MI, peripheral arterial disease, but no other risk
actors has a risk score of 3 2 2 2 9 (Table 2). The
redicted risk of in-hospital mortality for this patient is
.70% (Table 3).
Although a risk score can never be as accurate as the
tatistical model from which it was derived, the small
acrifice of accuracy to gain simplicity often facilitates wide
linical use at the bedside. Providers commonly internalize
isk score information structure into their quantitative
hinking and into deliberations with colleagues and patients
bout choice of alternate treatments. Patients can readily
nderstand how characteristics specific to them relate to the
ndividual risk predictions provided to them as a basis for
heir consent to a specific recommended therapy.
Individual providers can develop a personal quality of care
ssessment program prospectively by monitoring observed
eaths to compare with deaths predicted by the risk score
rom characteristics of the patients treated. The probabili-
ies of death derived from the risk index table when summed
or all patients and divided by the number of patients
rovide a PMR to compare to the individual provider’s
MR. If multiple providers in the same environment follow
his same process, statistical tests can compare theOMR/PMR as
n index of quality of care. This empowers each provider or group
f providers to voluntarily monitor their quality of care prospec-
ively by benchmarking among colleagues.
To be used optimally, risk scores should only be used in
opulations whose patient characteristics were tabulated
sing the same variable definitions as were used in data
ollection for the New York State model. Moreover, if the
utcomes for hospitals or surgeons in a population other
han New York are to be compared with one another, the
isk index must be recalibrated to adjust for differences in
nderlying mortality rates between the new population and
he New York population so that a PMR and the OMR are
alibrated to be the same for the new population. This
ecalibration is important given the findings of Ivanov et al.
7), who reported that provider assessments varied based on
hether the model used was based on another population or
f it was recalibrated using the same population. Without
ecalibration to actual observed deaths in a new population,
he risk index or the model from which it was derived
annot be expected to yield accurate predictions of patient
isk or accurate relative provider assessments when the
nderlying performance (outcome) of the population tohich it is being applied is different from the underlying
erformance of the population from which it was derived.
owever, with proper recalibration reflecting actual total
eaths, the model can be used to intercompare outcomes
mong different providers or care environments.
The risk index described is limited to CABG surgery
ecause we have found that the risk factors for other open
eart surgery, and valve surgery in particular, are somewhat
ifferent than the risk factors for CABG surgery. Therefore,
he performance of this risk score will be expected to differ
rom other risk scores such as the EuroSCORE, which
ncludes all open heart surgery. We have found that even
hen different types of open heart surgery share the same
ignificant risk factors, the relative importance of these
actors often varies tremendously. Consequently, we feel
hat a separate risk index should be created for other specific
perations, especially for cardiac valve surgery. Further use
f the risk index described in other care settings will define
ts ultimate usefulness in comparison to other risk indexes
eveloped to predict risk of cardiac surgical care.
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